Emissions produced or initiated by a 30 GeV electron beam propagating through a ∼1 m long heat pipe oven containing neutral and partially ionized vapor have been measured near atomic spectral lines in a beam-plasma wakefield experiment. The Cerenkov spatial profile has been studied as a function of oven temperature and pressure, observation wavelength, and ionizing laser intensity and delay. The Cerenkov peak angle is affected by the creation of plasma; estimates of plasma and neutral density have been extracted. Increases in visible background radiation consistent with increased plasma recombination emissions due to dissipation of wakefields were simultaneously measured.
Laser and particle beam driven plasma wakefield accelerators [1] [2] [3] are studied as alternatives to conventional RF accelerators due to their potential of providing accelerating gradients that are several orders of magnitude larger. The wakefield amplitude is maximized when the length of the driving pulse L (electron bunchlength or laser pulselength) is on the order of the plasma wavelength, λ p , where λ p = 2πc/ω p , ω p = N e e 2 /m e 0 , and N e is the electron plasma density [1] . For drive beams with a duration τ b of 0.1 to 1 ps, the corresponding plasma densities are 10 17 − 10 15 cm −3 .
In this Letter, we investigate how radiation produced or initiated by the electron beam near atomic spectral resonances of the medium can provide an opportunity to characterize the plasma and wake properties. Two types of radiation are considered: Cerenkov radiation and recombination light. Cerenkov radiation [4] is produced when the speed of light in the medium, c/n, is less than that of the electrons, u. (1) where N s is the species density, f ik is the oscillator strength, ω res is the frequency of the atomic resonance, and N e /N cr is the ratio of the electron density N e to the critical density N cr = ω 2 m e 0 /e 2 at the observation frequency ω. The index of refraction of the medium contains a strong positive contribution from atomic spectral lines on the long wavelength side of the resonance, which can exceed the negative contribution from plasma, and set the index of refraction well above β = u/c for specific regions of the spectrum. Cerenkov radiation is then produced with an intensity distribution that is peaked at the phase matched Expressions for the spectral flux density and photon levels of Cerenkov radiation can be found in standard texts [4] . The spatial profile of the Cerenkov radiation was recorded at the downstream foil (see for Li, 1.54 eV [9] both at 676 and 700 nm. The dependence of the Cerenkov spatial profile on plasma production was studied at 676 nm by scanning the relative delay ∆t between the electron beam and the ionizing laser by up to 50 µs, (i.e. a few plasma decay times). Two strong effects were observed. First, θ c shifted inward in the presence of plasma. Second, the Cerenkov cone was riding on a substantial background signal which appeared in the presence of plasma with an intensity dependent on wavelength, on timing delay ∆t and on coalignment. The plasma density extracted from the Cerenkov cone can be compared with that required to produce the observed number of betatron oscillations in the OTR images of the beam spot size. The relation between plasma density and the betatron wavelength, λ β , assuming that the plasma ions exert a linear restoring force on the electron beam, is given
Plasma density diagnosis based on measurement of betatron oscillations has been studied experimentally [11, 12] . Including the transverse focussing over the plasma column length and adding the short drift space to the OTR foil, the spot size at the foil was calculated as a function of plasma density. Notice that for this analysis, given the plasma density which remained at 47 µs according to Fig. 4b , a spot size minimum at delay greater than 50 µs is expected, implying that the two pinches recorded during the scan were the second and third pinch. The observed betatron oscillations can be explained in the range of initial plasma densities and best-square-fit Li plasma lengths of 1-2x10 14 cm −3 and 1.4-1.0 meter, respectively. The nominal oven length was 1.35 m, so the latter result would imply either that the effective length of the plasma column was shorter (which could result if the ionizing laser was not perfectly collimated or if the oven was not in oven mode when these measurements were made) or that there is roughly 50% disagreement between these two measurements of plasma density.
The Cerenkov cone radius was also studied as a function of the ionizing laser energy near zero delay. The extracted plasma density was linear with UV fluence. The plasma density extracted from Cerenkov radiation (Fig. 4b) is consistent with plasma density estimated from UV absorption assuming a 1x3 mm spot size, 0.72 mJ incident energy at the plasma, and 14% fractional ionization.
The dependence of the background intensity on incident UV fluence and delay at 676 nm was studied. In both cases, the background increased linearly with the plasma density 
